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Abstract
Force evaluation on supply trolley was conducted based on the different mode of handling to assess the suitability of use by 
healthcare workers. In addition, the study examines the contributing factors which affect the ergonomics of trolley 
handling.Result of this study was used to develop a guideline to set the requirement for future purchase of trolley and to improve 
features of existing trolleys.
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1. Background
Supply trolleys are used by the hospital Theatre Sterile Supplies Unit (TSSU) for transportation of surgical 
instruments to and from operating theatres. The weight of the supply trolley with its load at its maximum can weigh 
up to 280 kg, rendering handling of the equipment difficult. This could result in potential increase in the risk of 
musculoskeletal disorder. Hence, careful selection ofsuitable trolley which provides for easier manual handling by 
healthcare workers is important in safeguarding staff ergonomics. Based on this consideration, the study aims to 
develop an assessment guideline based on force evaluation for future purchase of supply trolleys.
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Fig.1. Supply trolleys.
2. Methodology
On 21st November 2015, a force evaluation was conducted to quantify, analyse and compare the pulling / pushing 
forces requiredfor transporting 2 different supply trolleys. Based on the Snook Table[1] for push and pull, the 2 types 
of forces measured were the Initial Forces and the Sustained forces. A CHATILLON® DG-200 mechanical force 
gauge was used to conduct the force measurement. For the purpose of this evaluation, empty trolleys were used.In 
addition to the force measurements, the following features were measured:
x Height of the push handles;
x Height of the pull tow bar;
x Weight of the trolleys
For measurement of pulling force, attachment of the force gauge was secured using string to the pull-handle to 
simulate pulling action. Relatively more straightforward, pushing force was measured using the force gauge with its 
appropriate attachment simply exerted against the push handle. Refer to Figure 1. (a) and (b).
Initial and Sustained Force refers to the force required to start and to maintain motion, respectively. To change 
the state of trolley from stationary to moving, a force is applied to overcome its inertia which is proportional to mass 
of the object and frictional resistance.In a typical force profile, the Initial Force is represented by the initial spike in 
force level. Once motion start, the force level generally decreases and plateaus to an approximate constant, referred 
to in this context as the Sustained Force, for a certain range of speed.
For measurement of the Initial Forces, the trolleys were pulled / pushed for a distance of 7.6m. The Initial Force 
represents the force required to overcome the inertia to move the equipment from its stationary position and this 
force would usually be the maximum for the manual handling process. For this purpose, the force gauge was set to 
“Max On” to record the maximum force measured.
Fig.2. (a) Measurement of pulling force (b) Measurement of pushing force.
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For measurement of the Sustained Forces, the trolley were pulled / pushed over a similar distance from a 
stationary position. The Sustained Force represents the force required to sustain the motion of the trolley already in 
its moving state. In this study, the force gauge was set to “Max Off”. In a typical force profile, the force 
measurement would exhibit an initial sudden increase (Initial Force) followed by plateauing off to a constant force 
level also known as the Sustained Force. 
Each push / pull test for the different trolleys was repeated ten times and the average readings were calculated.
These readings were subsequently referenced against the Snook Push / Pull Table for female who are representative 
of the majority of the healthcare worker population is the department.
3. Results
The average force readingsfor the different mode of handling andreference to the Snook Push / Pull Table were 
tabulated in tables below.
Table 1.Weight of trolleys.
Existing trolley Proposed trolley
Weight (kg) 280 285
Table 2. Pull Test Evaluation.
Existing trolley Proposed trolley
Height of pull-handle to floor (m) 0.69 0.71
Pull Force Measurement Initial Force Sustained Force Initial Force Sustained Force
1 30 9 29 10
2 35 11 34 10
3 27 10 29 11
4 36 11 30 9
5 31 8 27 10
6 29 9 30 10
7 34 9 29 10
8 40 10 29 11
9 36 10 34 12
10 38 10 29 14
Average (lbf) 33.6 9.7 30.0 10.7
Average (kgf) 15.2 4.4 13.6 4.85
Percent of female population who 
can perform this task without 
stress
90% 90% 90% 90%
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Table 3. Push Test Evaluation.
Existing trolley Proposed trolley
Height of push-handle to floor (m) 1.05 1.10
Push Force Measurement Initial Force Sustained Force Initial Force Sustained Force
1 19 8 17 10
2 23 5 17 8
3 18 5 21 9
4 16 5 20 9
5 16 5 13 10
6 14 4 13 8
7 17 4 17 9
8 18 4 19 9
9 22 5 19 9
10 18 6 19 8
Average (lbf) 18.1 5.1 17.5 8.9
Average (kgf) 8.21 2.31 7.94 4.03
Percent of female population who 
can perform this task without 
stress
90% 90% 90% 90%
4. Conclusion
Both trolleys exhibit similar profiles based on the Snook Push / Pull Table analysis. However, in general, the 
proposed trolley required lesser amount offorces for the different modes of handling despite its heavier weight.This 
could be due to the newer condition of the trolley wheeling system. In accordance to the Snook Push / Pull Table, a
higher handle height from the floor would be deemed to be more ergonomically unfriendly, requiring a greater 
degree of extension and flexion of the arm for pulling and pushing, respectively. These key design features of the 
trolley would ultimately affect the amount of force required for its handling and are important factors for 
consideration in selection of a more ergonomically friendly model.
The comparison of both trolleys based on force evaluations and the use of an appropriate standard for analysis
provides for an objective assessment. This evaluation methodology shall be adopted for future assessment of similar 
equipment.
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